OBJECTIVE: To identify the best predictor among waist circumference, waist to hip ratio (WHR), weight and body mass index (BMI) of visceral obesity across 8.5 ± 10.8 y. We also examined whether changes in waist across the study period co-occur with changes in psychosocial distress or quality of life, and tested whether action levels of waist (level 1`80 cm, level 1 ± 2: 80 ± 87.9 cm, level 2 88 cm) differentiate between women with varying levels of psychosocial distress and quality of life. SUBJECTS AND MEASUREMENTS: Visceral adipose tissue (VAT) was determined by computerized-tomography at the L4-L5 disc space, and waist circumference, WHR, weight and BMI by anthropometric techniques in a populationbased sample of postmenopausal Healthy Women Study participants. Psychosocial distress and quality of life were assessed by standardized tests of personality and behavior. The n varied from 120 ± 345, depending on the research question. RESULTS: Waist circumference was superior over the other anthropometric measures in predicting VAT accounting for 40.1 ± 63.5% of the variance in VAT over the study period (P`0.001). Associations between symptoms of depression, anxiety or distress, low levels of social support or impaired quality of life with waist circumference were cross-sectional (P`0.04), with lower levels of distress and less impaired daily functioning being characteristic to women at the action level 1 relative to levels 1 ± 2 or 2. Increasing anger over time was associated longitudinally with increasing waist circumference (P`0.03). CONCLUSIONS: Identi®cation of healthy women with large waist circumferences is important for prevention and intervention of poor quality of life and chronic disease.
Introduction
Central, visceral obesity, as measured as a ratio of waist to hip circumferences (WHR), is a determinant of risk for non-insulin-dependent diabetes mellitus (NIDDM), cardiovascular disease, hypertension, and death. 1 ± 4 Waist circumference, categorized by action levels (level 1:`80 and 94 cm, levels 1 ± 2: 80 ± 87.9 and 94 ± 101.9 cm, and level 2 88 and 102 cm for women and men, respectively) is associated with a 2.7-to 4.5-fold increase in risk for NIDDM, cardiovascular disease, respiratory symptoms and low back pain. 5 Waist circumference may be a better index of abdominal, visceral fat than other more commonly used anthropometric surrogates. Waist circumference was signi®cantly better than WHR in screening crosssectionally for central adiposity, as determined by dual-energy X-ray absorptiometry (DXA), 6 or by magnetic resonance imaging between the 4th and the 5th lumbar vertebrae (MRI). 7 Also, reduction in waist circumference, but not in WHR, was signi®-cantly associated with reduction in MRI-de®ned visceral fat in obese individuals following a weight loss treatment. 8 In postmenopausal women, weight gain tends to be correlated with WHR. 9, 10 However, the effect of these mid-life changes on visceral adipose tissue (VAT) remains unknown. The ®rst objective of this study was to identify the best predictor among waist circumference, WHR, weight, and body mass index (BMI, kgam 2 ) of computerized tomography-assessed VAT between L4 and L5 disc space. The sample was population-based, healthy postmenopausal women followed across an interval of 8.5 ± 10.8 y.
In addition to morbidity and poor physical health, several psychosocial symptoms are correlated with central adiposity. Individuals with waist circumferences above the action level 2 reported more problems in everyday activities, and higher levels of job redundancy, medical consultation, absence from work, and hindered daily business as secondary symptoms to pain, than individuals with waist circumferences below the action level 2. 5 Also, individuals with high WHR reported more sleep-related dif®culties, use of psychotropic drugs, abstinence from work, 11, 12 psychiatric symptoms, including depression and anxiety, 11 ± 14 mental fatigue, 15 anger and hostility, 13, 16 and less social support. 13 As the development of central adiposity may, at least to some extent, be attributable to psychosocial factors, 17 ± 20 examination of psychosocial in¯uences on changes in central adiposity becomes highlighted. However, the extent to which mid-life changes in waist circumference in women cooccur with any potential changes in the quality of life, or with changes in the psychological and emotional distress is unclear. The second objective of this study was to examine whether changes in waist circumference across the study period are associated with changes in the quality of life, changes of depressive or other symptoms of distress, anxiety, anger and perceptions of social support. Also, we examined differences in the quality of life and psychosocial distress by action levels of waist. 5 Therefore, the ®nal study objective was to replicate and extend the recent ®ndings showing poor quality of life is associated with large waist circumferences of Dutch women, 4 to a population-based sample of healthy American women.
Methods:
Subjects and procedure Subjects in this study were drawn from the Healthy Women Study, a prospective study of the changes in behavioral and biological characteristics of women during the climacteric. In 1983 ± 84, the Healthy Women Study recruited 541 participants from a random sample of licensed drivers in Allegheny County, Pennsylvania, who met the following eligibility criteria at entry: age 42 ± 50 y, menstruating within the past three months, diastolic blood pressurè 100 mmHg, and not surgically menopausal, taking insulin, thyroid, lipid lowering, antihypertensive or psychotropic medications or estrogens.
For the Healthy Women Study, women underwent baseline clinic visits, and returned cards monthly to indicate whether they had menstruated. Once classi®ed as menopausal (de®ned as 12 successive months without menstruating), women returned for follow-up visits approximately 3 y from the baseline, and 1, 2, 3, 4, 5 and 8 y postmenopause. The Institutional Review Board at the University of Pittsburgh approved this project; all subjects gave informed consent. Complete details of the Healthy Women Study protocol can be found elsewhere. 13, 21 For the ®rst study objective, women who completed their 8th postmenopausal year clinic visit before August 1997, were invited for an assessment of their body fat distribution using single slice abdominal CT technology. Of the 263 women eligible, 173 participated. The women who refused (n 90; 34% of eligibles) cited disinterest, time constraints, or concern over exposure to radiation as reasons for nonparticipation. For the present paper, we limited our analyses to the 157 women with anthropometric data concurrently available. Of these women 120 had anthropometric measures taken 8.5 ± 10.8 y (M 9.5 y) earlier at the 3 y follow-up. Those who participated vs refused did not differ from one another in the anthropometric measurements, psychological characteristics or in health habits (P b 0.23) with one exception: those who refused reported consuming less alcohol daily (P`0.01).
Since measurements of waist circumference were added late to the baseline protocol (approximately 22% of the women had their waists measured), the 3 y follow-up of the Healthy Women Study was used as the starting point for the analyses of change in waist circumference over time, namely the second study objective. A total of 375 women had their waist circumferences measured at the 3 y follow-up of the Healthy Women study in 1987 ± 88. In this particular sample, Wing et al 13 previously reported cross-sectional correlations between WHR, BMI and psychosocial and behavioral characteristics. At follow-ups 1, 2, 3, 4, 5 and 8 y postmenopause, waist measurements were available from 422, 383, 158, 106, 343, and 263 women, respectively. Of these women, 345 had anthropometric and psychosocial data concurrently available in the 3 y follow-up, i.e., the starting point of the analyses of change, and at least in one of the postmenopausal follow-ups after an average of 8.4 y (s.d. 1.6 y) in the study (n 46, 50, 120, 81, 44 and 4, for 2, 3, 4, 5, 6, and 7 available data points). These women formed the subsample for the analyses of change in waist circumference over time. For the third study objective, all available data concurrently available from psychosocial measures and waist circumference at the starting point of the analyses of change were utilized.
Measures
Visceral adipose tissue: Following established methods, 22 subjects underwent single, 10 mm-thick, digitally acquired scout view scan, localized crosssectionally through the center of the L4-L5 disc space using a 9800-CT scanner (General Electric, Milwaukee, WI) at 120 kV (peak) and either 140 mA Ê s or 170 mA Ê s for 2 s. Commercial CT software (GE Medical Systems, Milwaukee, WI) was used to compute total adipose tissue in the slice by de®ning the region of interest for attention values between 730 and 7190 Houns®eld units (HU). The boundary between visceral and subcutaneous adipose tissue was manually circumscribed using a cursor, and the area of VAT was computed in the same manner as total adipose tissue. The reproducibility of this technique is very high. 23 In our department, the correlations exceed 0.9 both when comparing measurements from repeated scans from the same women, and when comparing repeated processing of the same scans.
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Waist circumference, WHR, total weight, and BMI. Waist (cm) was measured at the smallest circumference and the hips (cm) at the largest circumference. Weight (kg) and height (cm) were obtained with a balance beam scale. BMI was de®ned as weight in kg divided by height in m squared.
Measures of health habits. Cigarette smoking was de®ned by the total number of cigarettes smoked per day, and alcohol intake as the amount of alcohol per day converted into grams of absolute alcohol (gad). The Paffenbarger activity questionnaire was used to obtain kilocalories per week spent in leisure-time activity. 24 Standardized tests of personality and behavior. The subjects completed a set of standardized tests of personality and behavior, including the Beck Depression Inventory for depressive symptoms, 25 Spielberger Trait AngeraAnxiety Questionnaire for anger and anxiety, 26,27 a scale for symptoms of distress, 28 and the ISEL for social support. 29 Quality of life was assessed using the short-form of MOS General Health Survey. 30 The scales have been shown to have good internal consistency, and good test-retest reliability. 25 ± 30 In the present sample the stability estimates across six months to 10.6 y (Pearson's rs) ranged from 0.39 ± 0.78 (P`0.001).
The MOS General Health Survey was added to the protocol at the 1st postmenopausal visit. Of the 141 women (33.4% of eligibles) who completed the survey, 128 had waist measurements concurrently available. Of these women an average of 37 had psychosocial and waist data concurrently available at the subsequent follow-ups. Therefore, while utilizing all the available data when examining associations between quality of life and waist circumference crosssectionally, analyses examining associations between co-occurring changes were restricted to measurement points with the most available data, that is to 5 ± 8 y postmenopause (n 192). Data on all the other measurements were available at every follow-up, the ns, however, vary at different assessment points due to missing values.
Statistical analyses
The principal data analyses were multiple linear and random coef®cients regression. 31, 32 First, we conducted analyses with anthropometric measurements predicting the VAT across the 8.5 ± 10.8 y. Stepwise regression procedure was used to identify the best anthropometric predictors of VAT. Also, ANOVAs were computed to account for potential nonlinearity in these associations, with waist circumferences categorized by action levels and other anthropometric data as trichotomized, as grouping variables.
To test whether mid-life changes in waist circumference co-occur with any potential changes in psychosocial variables, multi-level random coef®-cients regression analyses were carried out. Repeated waist measurements served as dependent variables, and psychosocial measures (each tested in a separate model) served as time-varying predictor variables for these models. Data were person-centered, that is, transformed to deviations from person means, to account for between-person confounding in the within-person associations. Also, person-centering enabled us to differentiate within-person and between-person effects in these models. 33 That is, we expected¯uctuations in psychosocial distress to be associated, on a within-subject basis, with concurrent¯uctuations in waist circumference. We also expected that those with overall greater waist circumferences across the study period, on a cross-sectional, aggregate basis, would report overall more distress than those with smaller waist circumferences. We used the maximum likelihood estimation method, set up a Variance Components covariance matrix and set up a ®rst-order autoregression, AR(1), residual covariance matrix. In the analyses of change, time to each assessment point from the starting point of the study was used as a covariate. In addition, adjustments were made for weight, current use of hormone replacement therapy, for health habits and for years of education of the analyses of psychosocial and quality of life measures and waist circumference. Variables were logtransformed to account for non-normality where appropriate.
Results
Anthropometric characteristics of the sample are presented in Table 1 . Wing et al 13 previously reported cross-sectional correlations between WHR and health habits in the Healthy Women Study participants at the 3 y follow-up, namely, the starting point of this current study. Smoking (current status and number of cigarettes smoked per day) and low exercise levels were correlated signi®cantly with WHR. 13 The current study shows that a low physical activity level was Note. Sample sizes differ because of missing data, protocol changes, and delayed menopause.
Determinants of visceral obesity in women K Ra Èikko Ènen et al related signi®cantly to the other anthropometric measures as well, and to VAT at the time of the scan (P`0.01), while smoking was not. Consumption of alcohol was related signi®cantly to weight and BMI (P`0.02), but not to the other study variables. Current use of hormone replacement therapy (yesano) showed no signi®cant associations with the anthropometric variables or VAT. Waist circumference, WHR, and BMI were higher in women with fewer years of education (P`0.04). Education was not signi®cantly associated with weight nor VAT (P b 0.32).
Anthropometric predictors of VAT
Associations between anthropometric measures and VAT are presented in Table 2 . VAT was predicted signi®cantly by all the anthropometric variables over the study period of 8.5±10.8 y. Next, we divided women into groups according to action levels of waist circumference, or tertiles of WHR, weight and BMI at 3 y follow-up and 8 y postmenopause, respectively. The amount of VAT increased signi®cantly with the action levels of waist circumference ( Figure  1 ), and with increasing WHR, weight and BMI (F b 14.3, P`0.001).
Stepwise multiple regression analyses comparing the effects of anthropometric measures on VAT indicated that after waist circumference was entered to the model, WHR did not add signi®cantly to the predictive power of waist circumference (P b 0.20). Similarly, after BMI was entered to the model, weight did not signi®cantly add to the predictive power of BMI (P b 0.44). We conducted additional analyses to compare the effects of waist circumference and BMI on VAT. Independent of each other, waist circumference and BMI predicted increased VAT over 8.5 ± 10.8 y, with the model accounting for 47.1% (P`0.0001) of the variance in VAT. Concurrently, at the time of the scan, waist circumference was a single best surrogate of VAT. After waist circumference was entered, BMI did not signi®cantly add to the predictive power of waist circumference (P`0.09). Waist circumference accounted for 63.5% of variance in VAT (P`0.0001).
Psychosocial measures, quality of life and waist girth
Before proceeding to the analyses of change, we computed cross-sectional pairwise associations between psychosocial and quality of life measures and waist circumference at the starting point of the study of change. Results relevant to these analyses are presented in Table 3 . Women with larger waist circumferences reported higher levels of depression, anxiety, trait anger, more symptoms of distress, and perceived moderately lower levels of social support.
c.f.13 Also, they reported more chronic dif®culties with physical and social functioning, perceived more intense pain, and reported poorer overall physical health. The quality of life subscales measuring social functioning or perceived mental health were not signi®cantly associated with waist circumference.
Secondly, we divided women into groups according to action levels of waist circumference. Women at the Note. B is the unstandardized regression coef®cient. Sample sizes differ because of missing data, protocol changes, and delayed menopause. Determinants of visceral obesity in women K Ra Èikko Ènen et al action level 1 reported less psychosocial distress than women at levels 1 ± 2 or 2 (F b 3.0, P`0.04) with one exception. Levels of anxiety were not signi®-cantly different between the grouping variable (P`0.14). The association between action levels of waist circumference and quality of life is depicted in Figure 2 . The pattern of results was similar to the results of regression analyses (F b 3.2, P`0.04) for physical and social functioning, physical health and pain perceptions; M 35.9, 36.6, 46.5 for pain by action levels). Thirdly, we tested whether change in psychosocial measures over the study period would be related to change in waist circumference. Regression analyses with time as a predictor variable of psychosocial, quality of life and waist variables showed that the level of anger, anxiety and social functioning decreased signi®cantly across time and the level of depression and circumference of waist increased signi®cantly (P`0.03). Table 4 shows the associations between changes in psychosocial measures and change in waist over the study period. Increasing anger over time was signi®cantly associated with increasing waist circumference. Moreover, women with larger waist circumferences reported feeling overall more anger across the study period than those with smaller circumferences of waist. Waist circumference did not¯uctuate along with change in depression, anxiety, symptoms of distress or social support. However, women with greater overall waist circumferences, relative to women with smaller waist circumferences, reported signi®cantly more symptoms of depression and distress, more anxiety and lower levels of social support across the study period. Change in the quality of life was not signi®cantly associated with changing waist circumference over time. These results, therefore, suggest that associations between psychosocial distress, quality of life and central, visceral obesity are cross-sectional associations with one exception: increasing anger over the study period was signi®cantly associated with increasing waist circumference.
At each level of data-analyses adjustments were made for physical activity, weight andaor their change over time, or for baseline level of education. Smoking, consumption of alcohol and current use of hormone replacement therapy was not considered, because they were unassociated with the waist circumference. Social support and symptoms of distress no longer associated moderately or signi®cantly with waist circumference when adjustments were made for weight. Also, the association between social support and waist circumference lost its signi®cance when adjusted for physical activity or for years of education. Adjustments for years of education did not change the signi®cant results between quality of life and waist circumference. However, when adjustments were made for physical activity, the only association remaining signi®cant between quality of life and waist circumference was that between pain perception and waist circumference: and when adjusting for weight the only association remaining signi®cant was that between perception of physical health and waist circumference.
Discussion
This present study aimed at identifying the best predictor of computerized-tomography assessed VAT among waist circumference, WHR, weight and BMI in healthy postmenopausal women across an interval of 8.5 ± 10.8 y. We have shown that VAT was predicted signi®cantly by the anthropometric measures over the study period, with the amount of VAT being higher the greater the waist circumference, WHR, BMI, or weight. However, the predictive power of waist circumference in the analyses of VAT exceeded that of WHR, and the predictive power of BMI exceeded that of weight. Waist circumference and BMI predicted increased VAT independent of Figure 2 Mean levels of quality of life according to action levels of waist circumference. WHR has been considered as the traditional anthropometric technique for assessing central adiposity. The empirical evidence supporting waist circumference as a simpler and more accurate index of VAT is mounting. 6 ± 8 Among the advantages of a single measurement of waist circumference, as opposed to measurements of circumferences of waist and hip, is that it reduces error of measurement because there is only one source of error instead of two. Both waist and hip circumferences include tissue other than fat. The hip circumference may re¯ect to some extent individual differences in pelvic structure and large muscles. Although the intention of WHR is to measure centrally-localized, abdominal, visceral fat, it is also determined by hip circumference, whereas waist circumference is at least physically closer to the site of the adiposity. Furthermore, as the circumference of waist and hip are likely to be highly correlated r 0.76, P`0.001 in the current study), their ratio is less sensitive to underlying visceral fat as WHR is likely to be as high (or as low) in women with large waist circumferences as it is with those with small waist circumferences.
With regard to associations between psychosocial distress, impaired quality of life and waist circumference, our ®ndings replicate and extend the ®ndings of previous studies. 5,11 ± 15 We have shown, that depression, anxiety, anger, symptoms of distress, a low level of social support and impaired quality of life were, indeed, characteristics of women with large waist circumferences. However, except for anger, the psychosocial and quality of life measures did not¯uctuate along with change in waist circumference across the study period. Therefore, these associations may be interpreted best as a series of replications between waist circumference and psychosocial and quality of life measures. These results therefore suggest that symptoms of depression, anxiety, distress, low levels of social support and impaired quality of life do not directly in¯uence the development of central, visceral obesity.
It is possible that psychosocial distress and impaired quality of life are consequences, rather than etiological factors, of a large waist circumference, or are due to a correlated third factor or some other psychosocial characteristic. Indeed, the latter appears to true for the association between symptoms of distress, low levels of social support and circumference of waist: the associations disappeared when controlling for the level of education, for physical inactivity, or for weight. These factors in the present (rs b 0.14, Ps`0.02 c.f. 35 ) as well as in other studies 36 ± 38 have been shown to be signi®cantly associated with symptoms of distress, perceptions of social support and with waist circumference and weight. Also, the impaired physiological and social functioning and perceptions of poorer physical health, characteristic of women with large waist circumferences, appeared primarily to re¯ect their more sedentary lifestyle and their heavier weight.
Other behavioral and physiological mechanisms underlying these associations may include eating behavior, smoking, alcohol consumption, neuroendocrine factors and sympathetic nervous system activity. Calorie intake, smoking and alcohol consumption all effect the development of central, visceral obesity, 11,39 ± 43 and their relations to symptoms of distress and impaired quality of life are well documented. 44 In the current study, smoking and alcohol were not related to the anthropometric surrogates of visceral obesity perhaps because the relatively good health of the sample restricted the variance in these habits and thus precluded suf®cient statistical power from the analyses. Health habits and stress, in turn, affect the secretion of pituitary and adrenal hormones and may induce sympathetic, cardiovascular activity, 45 alterations that may be involved in the development of VAT. 17 ± 20,46 The longitudinal nature of the association between trait anger and waist circumference does not preclude other behavioral or physiological pathways to increasing visceral fat. Anger is related to smoking, alcohol consumption, physical inactivity and to a greater total intake of calories, and calories from animal fat. 47 ± 49 Alterations towards healthier habits are associated with reduction in trait anger. 50 Among the physiological correlates of anger are catecholamines, 51 cortisol, 52, 53 sex-steroids 54 and elevated cardiovascular responses to mental stress. 55, 56 Future studies are to uncover the mechanisms by which anger in¯uences the development of central, visceral obesity.
Limitations of our study may relate to the selection criteria of the sample: eligible participants of the study were healthy. While restricting the variance in health habits to some extent, the health of the sample did not restrict the variance across time in waist circumference, WHR, weight, BMI or VAT. Furthermore, the sample consisted of mainly Caucasians, which restricts the generalizabiliy of the ®ndings to minority populations.
Conclusions
Our study has shown that waist circumference was superior over the other anthropometric measures, particularly WHR, in identifying women with excess Determinants of visceral obesity in women K Ra Èikko Ènen et al amounts of VAT in mid-life across an interval of 8.5 ± 10.8 y, that is, among women who at the starting point of the study were relatively healthy. Also, our study has demonstrated that increasing anger over time was longitudinally associated with increasing waist. Associations between depression, anxiety, low levels of social support, other symptoms of distress, or impaired quality of life with waist circumference were cross-sectional, lower levels of distress and better daily functioning being characteristic to women at the action level 1 relative to the levels 1 ± 2 or 2. Identi®cation of healthy women with large waist circumferences is important for prevention and intervention of poor quality of life and chronic disease.
